The chickpea (Cicer arietinum L.) core collection consists of 1956 accessions, of which 1465 are desi, 433 kabuli, and 58 intermediate types. This core collection was evaluated for 7 morphological descriptors and 15 agronomic characteristics to estimate phenotypic diversity. All the three groups differed significantly for flower colour, plant colour, dots on seed testa, seed testa texture, plant width, days to maturity, pods per plant, 100-seed weight and plot yield. The kabuli and intermediate types were not significantly different for growth habit and seed colour, they differed, however, significantly from desi types for both traits. Desi, kabuli, and intermediate types were significantly different for plant width, days to maturity, pods per plant, 100-seed weight, and plot yield. Kabuli plants have broad plant width, matured late, have lowest average number of pods, highest 100-seed weight, and lowest plot yield. There were significant phenotypic correlations among the various characteristics. Two of these, between days to 50% flowering and flowering duration and between pod number and plant yield, explained 50% variation in the other trait in all three groups. Principal component analysis showed that days to 50% flowering, plant width, apical secondary branches, tertiary branches, dots on seed testa, 100-seed weight, flowering duration, basal secondary branches, seed colour, and seed testa texture were important traits in explaining multivariate polymorphism. Growth habit and basal primary branches did not significantly account for variation in the first five principal components of desi, kabuli, and intermediate types as well as for the entire core collection, indicating their low importance as chickpea descriptors. The average phenotypic diversity index was highest in the intermediate types (0.2653) and lowest in the kabuli types (0.1490). The Shannon-Weaver diversity index varied among traits between the three groups, and the diversity within a group depended upon the traits recorded.
Introduction
Chickpea is an important food legume in several countries including Algeria, Ethiopia, India, Iran, Mexico, Morocco, Myanmar, Pakistan, Spain, Syria, Tanzania, Tunisia, and Turkey. Van der Maesen (1987) has described origin and history of chickpea, which most probably originated in an area of present-day southeastern Turkey and northern Syria, around the upper reaches of the Tigris and Euphrates rivers (Lev-Yadun et al., 2000) . Vavilov (1926) designated two primary centers of diversity of chickpea -southwest Asia and the Mediterranean and a secondary center in Ethiopia.
He noted that the large-seeded cultivars abounded around the Mediterranean basin and the small-seeded cultivars predominated eastwards. Two types of chickpea groups, kabuli and desi types are recognized. The kabuli types have owl-shaped, large cream coloured seeds whereas the desi types have angular-shaped, small and dark coloured seeds. A third type based on seed shape, intermediate type, which have peashaped seeds, is also recognized (IBPGR, ICRISAT & ICARDA, 1993) .
The emphasis on importance of preserving important crop germplasm has led to collection and maintenance of very large germplasm collections.
Although representativeness of collections can be achieved through large collection sizes (Frankel & Bennett, 1970) ; the accessibility and usefulness of a collection is inversely related to its size (Frankel & Soule, 1981) . The ICRISAT genebank contains 16 991 germplasm accessions of chickpea from 44 countries. These accessions were acquired mainly by donations from different countries, and supplemented by conducting a total of 64 collecting missions (52 in Asia and 12 in Africa). Of the 16 991 accessions, 4150 are from collecting missions, 1123 from six African countries and 3027 from eight Asian countries. The remaining 12 841 accessions have been acquired by donations from Asia, Africa, the America, Europe, and Oceania. The collections have been assembled using different sampling techniques and without discrimination for origin and characteristics. have developed a core collection consisting of 1956 entries using data on geographic distribution and 13 quantitative traits to enhance the use of genetic resources in improvement programs. The data on 13 traits used in developing this core subset was recorded over a period of 25 years, (1974 to 1998) , however introducing likely bias due to genotype × environment interactions. Hence, the main objectives of this study were to assess phenotypic diversity for various morphological descriptors and agronomic traits and determine associations among them in the core subset and most diverse genotypes.
Materials and methods
The core subset consisted of 1465 desi, 433 kabuli, and 58 intermediate types. These 1956 accessions were sown by hand in a vertisol (Kasireddipally series-Isohyperthermic Typic Pellustert) field in the 1999/2000 postrainy season at ICRISAT (Patancheru, India). Each plot consisted of a 4 m row on a ridge, with 60 cm as distance between rows and 10 cm between plants. Care was taken to ensure uniform depth of planting. The plots received 46 kg P 2 O 5 , 18 kg N ha −1 as basal fertilizer, and three irrigations (7 cm water per irrigation). In each accession five competitive plants were selected at random to record plant height (cm), plant width (cm), and numbers of apical primary branches, apical secondary branches, basal primary branches, basal secondary branches, and tertiary branches, pods per plant, seeds per pod; 100-seed weight (g), plant yield (g). Morphological descriptors (flower colour, plant colour, growth habit, seed colour, seed shape, dots on seed testa, and seed testa texture) were recorded according to a descriptor list (IBPGR, ICRISAT, and ICARDA, 1993) on whole plot basis. Days to 50% flowering (days from sowing to the stage when 50% plants have begun flowering), days to maturity (from sowing to the stage when 90% pods have matured and turned yellow), flowering duration (days between 50% flowering and end of flowering in 50% plants), and plot yield were also recorded by plot. The yield of the five sampled plants was added for total plot yield.
Means of the desi, kabuli, and intermediate types were compared using Newman-Keuls procedure (Newman, 1939; Keuls, 1952) for all traits. The homogeneity of variances of these three groups was tested using Levene's test (Levene, 1960) . Phenotypic correlations were calculated among all traits in the core collection and among 21 traits (seed shape excluded) in the desi, kabuli, and intermediate types independently. The mean observations for each accession were standardized by subtracting from each observation the mean value of the character and subsequently dividing by its respective standard deviation. This resulted in standarized values for each trait with average 0 and standard deviation of 1 or less. The standardized values were used to perform principal component analysis (PCA) on Genstat 5 Release 4.1 to know the importance of different traits in explaining multivariate polymorphism.
A phenotypic distance matrix was created by calculating the differences between each pair of entries for each characteristic. The diversity index was calculated by averaging all the differences in the phenotypic values for each trait divided by respective range (Johns et al., 1997 ). The diversity index (H ) of Shannon & Weaver (1949) was calculated and used as a measure of phenotypic diversity of each trait. The index was estimated for each character over all entries in three types.
Results and discussion

Morphological characteristics
The frequency distribution of the core collection entries for the seven morphological descriptors revealed a large degree of variation for different traits.
Flower colour
The pink flower colour, which is generally characteristic of desi type, was the most predominant represented by 1329 of 1956 core subset accessions. This was followed by white flower, which is characteristic of kabuli type, was present in 481 accessions and light pink in 118 entries. White flower with pink streaks was a trait in two accessions only.
Plant colour
All three types of plant colours (IBPGR, ICRISAT & ICARDA, 1993) were observed; 652 accessions have no anthocyanin, 1254 have low anthocyanin, and 50 show high anthocyanin.
Growth habit
All the five types of growth habit based on angle of primary branches at the mid-pod filling stage, were found. Semi-erect was the most predominant growth habit (1579 accessions) followed by semi-spreading (343 accessions). Prostrate growth habit was observed in only one accession.
Seed colour
Of the 24 classes of seed colour, yellow brown was the most common represented (690 accessions) followed by beige (439 accessions). Orange was seen in only one accession.
Seed shape
The angular seed shape, which is characteristic of desi types, was most frequent (1465 accessions) followed by the owl shape of kabuli type (433 accessions) and pea shape of the intermediate type (58 accessions).
Dots on seed testa
Minute black dots were present on the seed testa of 1307 accessions and in the remaining 649 the black dots were absent.
Seed testa texture
Three types of seed testa texture were recorded: 1437 accessions show rough while 473 are smooth, and 46 tuberculated.
The mean, range and variances of six morphological characteristics (excluding seed shape) are given in Table 1 . The mean scores for flower colour, plant colour, dots on seed testa, and seed testa texture were significantly different among all three types. On average, growth habit and seed colour were not significantly different between kabuli and intermediate types but both were significantly different from desi types ( Table 1) . The variances for all morphological descriptors were heterogeneous (p = 0.0001-0.0006).
Agronomic characteristics
The means of desi, kabuli, and intermediate types were significantly different from each other for plant width, days to maturity, pods per plant, 100-seed weight and plot yield. The kabuli types have greater plant width, matured later, have the lowest average number of pods, highest 100-seed weight, and lowest plot yield ( Table 1 ). The range for most of the traits was different in three types. Desi types represented 100% range variation of total core collection for 13 traits, kabuli for three traits, and intermediate for only two traits. Overall, desi types captured 93.10% range variation of total core collection compared with 79.28% by kabuli types, and 68.29% by intermediate types. The variances between chickpea types were homogeneous for days to flower, number of apical secondary branches, basal secondary branches, and tertiary branches, and plant yield (Table 1) .
Any correlation coefficient with 1954 degrees of freedom (e.g. for entire core collection) with an absolute value greater than 0.1 will be significant at p = 0.0001. However, the correlation coefficients greater than 0.71 or smaller than -0.71 have been suggested to be biologically meaningful (Skinner et. al., 1999) , as more than 50% of the variation in one trait is predicted by the other (Snedecor & Cochran, 1980) . In our study, we found such meaningful relationships in the entire core subset between days to 50% flowering and flowering duration (r = -0.753), flower colour and seed shape (r = 0.782), and pod number and plant yield (r = 0.745). In the desi, kabuli, and intermediate types the correlations between days to 50% flowering and flowering duration (r = -0.753 in desi, r = -0.845 in kabuli and r = -0.888 in intermediate) and between pod number and plant yield (r = 0.796 in desi, r = 0.677 in kabuli and r = 0.830 in intermediate) were maintained (Table 2) . These results indicate the stability of these important relationships in the three types. Further, these relationships suggested that in future germplasm evaluations, traits like days to flowering and plant yield should be considered. Both of these Variance homogeneity tested by Levene's test. 3 Numbers within the parenthesis indicate number of accessions in each subset of core collection. traits are less laborious to measure than the flowering duration and pod number . Table 3 shows the percentage of variation for the first five principal components (PC) and the vector loadings for each character and PC. The first five PCs explained 61.6% variation in the core collection of chickpea and reduced the original 22 characters to 13 characters. The first five PCs explained, 54.8% variation in desi, 54.5% in kabuli, and 62.4% in internediate types and reduced the 21 characters to 12, 11, and 13 characters, respectively. PC 1 which is first and the most important component accounted for 17% in desi and kabuli types, 19% in intermediate types and 26% in the total core collection. The eigen values of PC1 were 3.57 in desi, 3.42 in kabuli, and 4.04 in intermediate types compared to 5.60 in the total core subset.
The PC 1 separates accessions on days to 50% flowering, plant height, plant width, and days to maturity in the desi types, days to 50% flowering, pod number, plus plot yield in kabuli types, and days to 50% flowering, flowering duration, seed testa texture, and plot yield in intermediate types. However, in the entire core subset flower colour, seed shape, plant colour, dots on seed testa, texture of seed testa, and 100-seed weight separated the accessions. Interestingly, days to 50% flowering, which has highest loadings in the PC 1 of all types has very low loadings in the total core subset. Also, the loadings for this trait were positive in desi and intermediate types, but negative in the kabuli types. Considering the analyses of desi, kabuli, and intermediate types and total core subset together, 10 traits had high loadings and occurred at least three times out of four, in the first five PCs, indicating their importance for chickpea as descriptors. These traits are days to 50% flowering (desi, kabuli, intermediate), plant width (desi, kabuli, total) , apical secondary branches (desi, kabuli, intermediate, total) (kabuli, intermediate, total) . Growth habit and basal primary branches had no contribution in explaining variation in the first five PCs of desi, kabuli, intermediate types and total core collection, indicating their low importance as chickpea descriptors.
The grouping of similar genotypes depends on the dissimilarity among them, which can be determined by a phenotypic diversity index. The average diversity index was highest in the intermediate types (0.2653) and lowest in the kabuli types (0.1490) ( Table 4) . The low average diversity in the kabuli types may have arisen because in this group, unlike other groups, the dots on seed testa are absent and the phenotypic diversity index is based on 20 traits only. (Table 4 ). It would be interesting to involve the lines showing highest phenotypic diversity index in the hybridization and selection program for various traits.
The Shannon-Weaver diversity index was calculated to compare phenotypic diversity index (H ) among characters and groups. A low H indicates a extremely unbalanced frequency classes for an individual trait and a lack of genetic diversity. The estimates of H were made for each trait and three groups and pooled across traits and groups (Table 5) . The average H across traits was similar for desi and intermediate types and higher than the kabuli types. The H values averaged over three groups ranged from 0.122 (texture of seed testa) to 0.621 (plant width). The diversity values were variable among traits and among types. Thus, the diversity within a group depended upon the traits. The H values in the entire core subset ranged from 0.249 for growth habit to 0.856 for seed colour (data not given). Growth habit had the lowest H value since the number of classes was five and the frequency distribution of entries was extremely skewed towards semi-erect (1579) and semi-spreading (343) types. In contrast seed colour had the highest number of 24 classes and several of these classes had 10 or more entries in the core subset.
The results of this study indicated that there is a significant variation for morphological and agronomic traits in this chickpea core collection. The phenotypic correlations depended upon the type (classified on the seed shape basis, i.e., desi, kabuli, and intermediate) for the morphological descriptors only. The mean number of pods per plant and seed per pod are highest in the desi type but the 100-seed weight is lowest in this group while it is opposite in the kabuli types, i.e., the number of pods per plant and seeds per pod are lowest and the 100-seed weight highest. The plot yield followed the pod number pattern, highest in desi types and lowest in kabuli types. The information presented in this study could be used to reduce the size of this core further and develop a core of core subset (Upadhyaya & Ortiz, 2001) , which may be of value to the plant breeder to evaluate extensively and use genetic resources in crop improvement.
